Objective: To determine the incidence and risk factors for neurological events complicating cardiac surgery, and the implications for operative outcome in octogenarians. Methods: Of 6791 who underwent primary on-pump CABG and/or valve surgery from 1998 through 2006, 383 were aged 80 years. Neurological complications, classified as reversible or permanent, were investigated by head CT scan in patients who did not recover soon after an event. Results: There were more females (47% vs 26%, p < 0.0001) among octogenarians (n = 383, median age 82 years) than among younger patients (n = 6408, median age 66 years). Controlled heart failure, NYHA class III/IV and chronic obstructive pulmonary disease were more prevalent in octogenarians while preoperative myocardial infarction was predominant in younger patients. Octogenarians were at higher operative risk (median EuroScore 6 vs 2, p < 0.0001). Operative procedures differed between octogenarians and younger patients ( p < 0.0001); respective frequencies were 45% vs 77% for CABG, 26% vs 10% for AVR, and 23% vs 6% for AVR + CABG. Mortality was higher for octogenarians (8.9% vs 2.1, p < 0.0001). Early neurological complications observed in 3.9% of the entire study population were mostly reversible (3.2%). Age 80 years (odds ratio [OR] 2.82, 95% confidence interval [CI] 1.89-4.21, p < 0.0001), prior cerebrovascular disease (OR 2.23, 95% CI 1.56-3.18, p < 0.0001), AVR + CABG (OR 2.92, 95% CI 1.60-5.33, p < 0.0001) and MVR + CABG (OR 4.77, 95% CI 2.10-10.85, p < 0.0001) were predictive of neurological complications. More octogenarians experienced neurological events ( p < 0.0001): overall 12.8% vs 3.4%, reversible 11.5% vs 2.8%, permanent 1.3% vs 0.6%. Among octogenarians, neurological complication was associated with elevated operative mortality (18% vs 8% for those without neurological complication, p = 0.03), and prolonged ventilation, intensive care stay and hospitalisation. Predictors of neurological complications in octogenarians were blood and/or blood product transfusion (OR 3.60,, p = 0.003) and NYHA class III/IV (OR 7.6, 95% CI 1.47-39.70, p = 0.02). Conclusion: Octogenarians undergoing on-pump CABG and/or valve repair/replacement are at higher risk of neurological dysfunction, from which the majority recover fully. The adverse implications for operative mortality and morbidity, however, are profound. Blood product transfusion which has a powerful correlation with neurological complication should be reduced by rigorous haemostasis with parsimonious use of sealants when appropriate. #
Introduction
Acute neurological dysfunction is often a devastating complication of cardiac surgery, and a major cause of postoperative morbidity. Elderly patients are considered high risk for developing this complication [1] [2] [3] [4] [5] . The changing demographics of cardiac surgery patients in current practice, characterised by a progressive increase in the number of patients aged 80 years and more, therefore has prognostic implications. The influence of an aging population on postoperative neurological complications and consequently the effect on clinical outcome of cardiac surgery are not clear. There is thus the need to define the scale and impact of adverse postoperative neurological outcomes for cardiac operations performed in this growing surgical population.
The objectives of this study were therefore to (1) report the incidence of early neurological complications after onpump coronary artery bypass grafting (CABG) and/or valve replacement or repair, (2) identify preoperative and procedural risk factors for these complications, and (3) assess the influence of these factors on postoperative outcome in octogenarians. We have also provided matching data for a contemporaneous population of patients younger than 80 years old who underwent similar operations at same institution to put our report in perspective.
Materials and methods

Study patients
Excluding patients who had neurological deficit from previous stroke, there were 6791 who underwent primary onpump CABG and/or valve operation from March 8th, 1999 through January 10th, 2007 at our institution. Of these, 383 were 80 years of age. The local medical and ethics committee approved the use of patient clinical data for this study in November 2006. The cardiothoracic surgery database was interrogated to obtain prospectively collected preoperative, operative and postoperative data. Head CT scan reports of all patients investigated for postoperative neurological dysfunction were retrieved. Where necessary, charts were further reviewed to obtain additional data.
Early postoperative neurological events were broadly classified as reversible or irreversible, based on the findings of clinical evaluation at the time of the event and at hospital discharge. The reversible neurological events observed in the study patients were confusion/agitation, seizures and transient ischaemic attack (TIA) or reversible ischaemic neurological deficit (RIND). Residual deficit at hospital discharge or coma were categorised as permanent or irreversible neurological event.
Data analysis
Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) version 14.0 for Windows, (SPSS Inc. 2005, Chicago, IL). Categorical variables are reported as percentages and compared between octogenarians and younger patients with the chi-square test, while continuous variables are reported as median with 25th and 75th percentiles as interquartile range (IQR), and compared between groups using the Mann-Whitney U test. Independent predictors of early adverse neurological outcome and mortality in the entire study population were identified using a stepwise multi-factorial logistic regression model constructed with all the preoperative and operative variables in Table 1 . Further analysis was performed for octogenarians to determine the effect of postoperative neurological event on operative mortality and length of hospital stay. Fig. 1 illustrates the tiers and groups of patient (10) included in the analyses. A two-sided p < 0.05 was considered significant. Table 1 details the baseline characteristics of octogenarians and a contemporaneous population of younger patients. There were more female patients among octogenarians. Severe dyspnoea, history of heart failure and chronic obstructive pulmonary disease were prevalent among octogenarians but younger patients more often had prior myocardial infarction. All other preoperative variables were comparable between both groups.
Results
Baseline characteristics
Operative outcome
Compared to younger patients, octogenarians had higher predicted operative mortality (median EuroScore of 6, IQR 8-9 vs 2, IQR 3-5, p < 0.0001) and more often their operations were performed non-electively (39% vs 22%, p < 0.0001). Whereas coronary artery disease was the single most common indication for surgery in the younger age group, octogenarians had surgery mainly for valvular heart disease with or without coronary artery disease. As a result there are striking differences in the types of operation performed between the two groups ( p < 0.0001). The corresponding proportion of operative procedures for octogenarians compared to younger patients were 45% vs 77% for isolated CABG, 26% vs 10% for isolated aortic valve replacement (AVR) and, 23% vs 6% for AVR + CABG. The overall operative mortality was significantly higher for octogenarians (8.9% vs 2.1%, p < 0.0001). For the different types of operations, octogenarians had greater operative death rates as illustrated in Table 1 .
The predictors of operative mortality were female gender (odds ratio [OR] 1.93, 95% confidence interval [CI] 1.15-3.25, p = 0.01), emergency operation (OR 4.10, 95% CI 1.53-10.98 p = 0.005), controlled heart failure (OR 1.82, 95% CI 1.05-3.16, p = 0.03), history of cerebrovascular disease (OR 2.22, 95% CI 1.27-3.93, p = 0.006), left ventricular ejection fraction < 30% (OR 3.97, 95% CI 2.0-7.91, p < 0.0001), duration of cardiopulmonary bypass (OR 1.009, 95% CI 1.004-1.014, p < 0.0001), reopening for bleeding (OR 6.34, 95% CI 
Neurological complications
The incidence of early postoperative neurological complication in the entire study population was 3.9%; reversible events accounted for 3.2% (confusion/agitation/seizures 2.2%, TIA/RIND 1%) and permanent deficit for 0.7%. Octogenarians experienced substantially higher rates of both reversible (11.5% vs 2.8%, p < 0.0001) and permanent (1.3% vs 0.6%, p < 0.0001) neurological events than younger patients (Fig. 2) .
The predictors of neurological complications were prior cerebrovascular disease (OR 2.23, 95% CI 1.56-3.18, p < 0.0001), age 80 years (OR 2.82, 95% CI 1.89-4.21, p < 0.0001), AVR + CABG (OR 2.92, 95% CI 1.60-5.33, p < 0.0001) and mitral valve replacement/repair (MVR) + CABG (OR 4.77, 95% CI 2.10-10.85, p < 0.0001).
Other postoperative complications
Postoperative complications occurred in more octogenarians than younger patients (68% vs 50%, p < 0.0001). A breakdown of the complications is displayed In Table 1 .
The respective rates for readmission to intensive care unit (9% vs 3%, p < 0.0001) and discharge to an intermediate care facility for continued management and/or supervised recovery (21% vs 7%, p < 0.0001) were markedly greater for octogenarians than younger patients. The median length of postoperative hospital stay (7 days, IQR 9-13 vs 6 days, IQR 6-8, p < 0.0001) was also longer for octogenarians.
Sub analysis of octogenarians
We further analysed the operative outcome in octogenarians. Four patients were 90 years of age. The operations performed in majority of octogenarians were CABG and AVR either as isolated or concomitant procedures, or combined with MVR. One patient underwent CABG and AVR combined with MVR and tricuspid valve repair.
Operative mortality and morbidity
The operative mortality rates were 8.6% for CABG, 5.1% for AVR, 7.9% for combined AVR and CABG, 15% for MVR, and 57% for combined MVR and CABG. Cardiac causes including failure to wean from cardiopulmonary bypass machine, ventricular arrhythmia and myocardial infarction accounted for majority of operative deaths.
Cardiac complications such as arrhythmia (52%) and low cardiac output state (45%) were the predominant causes of postoperative morbidity. About half of the patients (n = 214, 56%) received blood and/or blood product transfusion. Wound infection (graft donor site and sternal) was observed in 37 patients (10%) and debridement was necessary for 10 (2.6%). Two patients had mediastinitis.
Neurological complications
Neurological complications were observed in 49 patients (13%) and in the vast majority neurological impairment was reversible; only 5 patients (1.3%) had residual neurological deficit at the time of hospital discharge. Confusion/ agitation/seizure was observed in 31 patients (8.1%) and TIA/RIND in 13 (3.4%). The predictors of early postoperative neurological complications in octogenarians were transfusion of blood and/or blood products (OR 3.60, 95% CI 1.56-8.32, p = 0.003) and NYHA class III/IV (OR 7.6, 95% CI 1.47-39.70, p = 0.02).
Influence of postoperative neurological events on operative outcome in octogenarians
The baseline characteristics were comparable between octogenarians with neurological event and those without. Operative mortality and morbidity were substantially higher among octogenarians who experienced an acute postoperative neurological event ( Table 2 ). The median length of stay in intensive care unit (46 h, IQR 22-115 vs 24 h, IQR 22-42, p 0.0001) and duration of postoperative hospitalisation (12 days, IQR 9-18 vs 7days IQR 9-13, p < 0.0001) were extensively longer for octogenarians with neurological complications.
Although acute neurological injury was the primary cause of death in only two patients (7.1% of the operative deaths), it was implicated as a contributory factor in seven patients (25%) whose primary cause of death were septicaemia (n = 3) and multi-system failure (n = 4).
Head CT scan was performed in 17 patients who did not recover full neurological function soon after the event. Fourteen of these had neurological deficit but CT scan delineated ischaemic cerebral infarct in two patients with TIA/RIND (n = 13) and four with permanent deficit (n = 5). The lesions were located in the left cerebral hemisphere in all but one patient. None of the patients with confusion or agitation or seizure had a brain lesion.
Discussion
Octogenarians are more prone to developing acute neurological dysfunction after on-pump CABG and/or valve replacement or repair compared to younger patients. Even though the impairment is reversible in the vast majority of patients, it has a profound effect on the postoperative course. The present study shows that up to 13% can develop acute postoperative neurological complications, one-tenth of whom may be discharged from hospital with a residual deficit. Compared to younger patients, octogenarians were three times more likely to develop an acute event, with double the risk of leaving hospital with a residual deficit. The clinical relevance of postoperative confusion and agitation in octogenarians is difficult to ascertain especially when it is not associated with a cerebral lesion. The major contribution of other factors such as pre-existing sub-clinical degenerative brain disease and medications (anaesthetic drugs and narcotic analgesics) complicate the clinical picture and preclude a meaningful interpretation. Hence this is not often investigated or reported. Like our series, a multi-centre study of 67,764 patients including 4743 octogenarians by Alexander et al. [6] demonstrated a higher incidence of postoperative stroke compared to younger patients. The incidence of postoperative permanent neurological deficit of 1.3% in our study compares well with other published data. Craver [7] and Kolh [8] and their associates reported postoperative stroke rates of 5.7% to 3%, respectively, in octogenarians after cardiac surgery.
Older age (80 years) by itself is a powerful predictor of this outcome. Valve operations, more frequently performed in octogenarians also increases the risk of acute postoperative neurological dysfunction. Weintraub et al. [2] examined the influence of age on the outcome of CABG in 13,625 patients, of whom 146 were octogenarians and reported a higher incidence of neurological injury in older patients and a powerful correlation between neurological injury and advanced age. Other series [1, 5, 9] have also reported a strong association of age and postoperative neurological dysfunction after CABG. The neurocognitive vulnerability of octogenarians is multi-factorial. The agerelated morphological and physiological changes characterised by cerebral atrophy and diminished cerebrovascular reserve capacity respectively, combined with a high prevalence of sub-clinical degenerative brain disease and cerebrovascular atherosclerosis contribute to the high propensity to develop acute postoperative neurological dysfunction. The strategies to reduce this complication include attenuating systemic inflammatory response to cardiopulmonary bypass, minimising cerebral embolisation and avoiding cerebral hypoperfusion without cerebral overperfusion which can be counterproductive [10] . Off-pump, especially with 'no touch' aorta technique [11] [12] [13] [14] , has been credited with reduced rates of neurological complications following CABG. Similarly, modifying the cardiopulmonary bypass in conjunction with epiaortic scanning [9, 15] and processing mediastinal shed blood with cell saver [16] have been associated with improved outcome. Amongst octogenarians, postoperative blood and/or blood product transfusion increases the risk of acute postoperative neurological dysfunction. Granted the higher risk of postoperative bleeding in octogenarians as evidenced by the prominent use of the anti-fibrinolytic agent, aprotinin, higher blood and/or blood product transfusion rate, and greater incidence of mediastinal re-exploration for control of bleeding in our study, and corroborated by other data [17] , particular attention should be directed to meticulous haemostasis, including a parsimonious use of sealants when necessary. It can be argued, quite creditably, that transfusion of blood and blood products does not have a direct causative relationship with postoperative neurological dysfunction. In octogenarians, who have a diminished cerebral reserve, postoperative hypovolaemia for which transfusions are required, may lead to cerebral hypoperfusion and neurological dysfunction. This further emphasises the importance of reducing bleeding in octogenarians. Additional precautions should be taken for octogenarians with a history of cerebrovascular disease and those undergoing combined valve and CABG procedures who are at higher risk, as this study and others [18] [19] [20] have shown.
Acute postoperative neurological events considerably affect the outcome of cardiac surgery in octogenarians. Even though acute cerebral event was directly implicated as the primary cause in 7% of operative deaths, it contributed to 25% of the operative deaths. There were more operative deaths among octogenarians who sustained a postoperative neurological event. For the entire study population including patients of all ages, there was a direct relationship between acute postoperative neurological events and operative mortality. It also increases the tendency to develop respiratory complications, and prolong hospital stay by slowing patient recovery and ambulation. These findings are consistent with other reports [5, 8, [21] [22] [23] . However, unlike other studies the rates of discharge to intermediate care for convalescence was not different between octogenarians with neurological complications and those without because the majority of patients with neurological impairment recovered fully or well enough to be discharged home.
Study limitations
The retrospective nature of this study introduces data bias, as we were limited to only the data entered in the database and patient clinical notes. We did not have access to some data that other series have reported to affect the incidence of postoperative neurological impairment. For example intraoperative haemodynamic parameters (9) and the atherosclerotic burden/manipulation of the ascending aorta which can predispose to postoperative neurological events were not investigated in this study, hence the findings of this study does not represent a comprehensive report of the risk of neurological complications after cardiac surgery. Nevertheless, it highlights the independent effect of preoperative and other procedural risk factors.
The impact of non-surgical factors like medications that can precipitate neurological dysfunction, especially in elderly patients, and consequently increase the rates of neurological complications were not determined. However, this would not affect the rate of permanent neurological deficit that is more devastating.
Age has a prominent effect on outcome of cardiac surgery [24] , hence its use in all conventional and internationally accepted risk scoring systems in cardiac surgery, like the EuroScore and Parsonnet score. Patient groups defined by different age profiles differ fundamentally and it is very difficult to establish equivalence by statistical permutations, hence we did not match octogenarians with younger patients.
Conclusion
Age 80 years, history of cerebrovascular disease and valve combined with CABG operations places patients at a high risk of early postoperative neurological events. Although most of these events are reversible, they have a profound impact on operative mortality and morbidity in octogenarians. Among octogenarians, blood and/or blood product transfusion has a correlation with acute postoperative neurological dysfunction. Therefore, additional to intraoperative measures that ensure adequate cerebral perfusion, minimise embolisation and ameliorate systemic inflammatory response, haemostasis should be meticulous and combined with parsimonious use of sealants when appropriate.
